TG0 0 R A

WO 00775001 Al

.

‘ D ' - ’ ~ .
" . '(12) INTERNATIONAL AJC 4CATION PUBLISHED UNDER THE PATENQ;bOPERAT‘(ON TREATY (PCT)

(19) World Intellectual Property Organization
' International Burean

(43) International Publicati n Date
‘14 Decembey' 2000 (14.12.2000)

0000 U

(10) International Publication Number

WO 00/75001 A1

(51) International Patent Classification”: B62K 1/00,
AG1G 5/04, A63C 17/00, B62D 51/02, 51/00, 3700,
B62K 3/00, B62D 61/00

(21) International Application Number: PCT/US00/15144

(22) International Filing Date: 1 June 2000 (01.06.2000)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

- 09/325978 4 June 1999 (04.06.1999) US

(71) Applicant: DEKA PRODUCTS LIMITED PARTNER-
SHIP [US/US}; 340 Commercial Street, Manchester, NH
03101 (US). -

(72) Inventors: KAMEN, Dean, L.; 15 Westwind Drive, Bed—
ford, NH 03110 (US). AMBROGI, Robert, R.; 141 Arah

Street, Manchester, NH 03104 (US). DUGGAN, Robert,
J.; Box 69D RDi#2, Old Tampike Road, Northwood, NH
03261 (US). FIELD, Douglas, J.; 19 Mountain Road,
Bedford, NH 03110 (US). HEINZMANN, Richard,
Kurt; P.O. Box 272, Francestown, NH 03043 (US).
AMSBURY, Burl; 164 Brookline Street, Cambridge,
MA 02139 (US). LANGENFELD, Christopher, C.; 4
Dunloggin Road, Nashua, NH 03063 USs). .

(74) Agents: SUNSTEIN, Bruce, D. et al.; Bromberg & Sun-
: stein LLP, 125 Summer Street, Boston, MA 02110-1618
(US). :

(81) Designated States (national): AE, AL, AM, AT, AU, AZ,
BA,BB,BG,‘BR,BXCA.CILCI‘I.CR,CU,CZ.DB.DK.
DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,
IN, IS, JP, KB, KG, KP, KR, KZ,LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT,
RO.RU,SD,SE.SG,SI.SK.SLTJ,'IM,'I‘R.'I'I‘,'I’Z.UA.
UG, UZ, VN, YU, ZA, ZW. .

[Continued on next page]

(54) Title: PERSONAL MOBILITY VEHICLES AND METHODS

-'(57) Abstract: A class of transportation vehicles for carrying an indi-

vidnal(lO)ova-groundhavingasuthceﬂmtmay be irregular. Various
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PERSONAL MOBILITY VEHICLES AND METHODS

Technical Field
The present invention pertains to vehicles and methods for transporting
individuals, and more particularly to balancing vehicles and methods for transporung
individuals over ground having a surface that may be irregular.
Background Art
A wide range of vehicles and methods are known for transporting human
subjects. Typically, such vehicles rely upon static stability, being designed so as to be
stable under all foreseen conditions of placement of their ground-contacting members. -
Thus, for example, the gravity vector acting on the center of gravity of an automobile
passes between the points of ground contact of the automobile’s wheels, the suspension
keeping all wheels on the ground at all times, and the automobile is thus stable. Another
example of a statically stable ‘vehicle is the stair-climbing vehicle described in U.S.
patent no. 4,790,548 (Decelles et al.).
. Summary of the Invention
_ In one embodiment there is provided a vehicle for carrying a user. In'this case,
the user is-a standmg person. The vehicle of this embodiment includes:

. a - aground-contacting module which supports a payload including the
standing person, the ground—contactmg module contacting an underlymg
surface substantxally ata smglc region of contact; and

b. a motorized drive arrangement, coupled to the ground-contacting module;
the drive arrangement, ground—(;ontactin g module and payload
~ constituting a system; the motorized drive arrangement causing, when
powered, antomatically balanced operation of the system.
In arelated embodlment the ground—contactmg module includes a uniball.
In another embodiment, there is provide a vehicle for carrying a payload including a
user. The vehicle of this embodiment includes: | : |
a. a ground-contacting module including two substantially coaxial wheels;

b. a platform supporting the user in a standing position substantially astride
both wheels; and
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the drive arrangement, ground—comacnng module and payload
constituting a system; the motorized drive arrangement causing, when

powered, automatically balanced operation of the system wherein the

‘motorized drive arrangement has a present power output and a specified

maximum power output and, in operation, has headroom determined by
the difference between the maximum power output and the present power
output of the drive arrangement;

a headroom monitor, coupled to the motorized drive arrangement, for
generating a signal characterizing the headroom: and - .
an alarm, coupled to the headroom monitor, for receiving the signal
characterizing the headrdoni and for warning when the headroom falls

below a specified limit.

_The alarm may include ripple modulation of the power output of the motorized drive

- arfangement, and alternatively, or in addition, may be audible.

In a still further embodiment there is prov1ded a device for carrying a user, and

the devxce includes: ' ' -

- a
b.

a platforin which supports a payload including the user, |

a ground—‘contactirig module, mounted to the platform, including at least
one ground-contacting member and defining a fore-aft plane;

a motorized drive arrangement, coupled tothe ground-contacting module;
the drive arrangement, ground-contacting module and payload

constituting a system; the motorized drive arrangement causing, when

powered, automatically balanced operation of the system in an operating

position that is unstable with respect to tipping in at least a fore-aft plane
when the motorized drive arrangement is not powered; and
a user input control that receives an indication from the user of a specified

pitch of the device under conditions of motion at uniform velocity.

The user input control may include a thumb-wheel disposed upon a handle that is part of

the device. A related embodiment provides a device for carrying a payload including a

user, and the device includes:

a.

a platform which supports the user in a standing position,

-
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vehicle to carry a user and this method includes:

a.

standing on a ground-contacting module which supports a payload
including a person standing thereon, the ground-contacting module
contacting an underl'ying surface substantially at a single region of
contact; and

operating a motorized drive arrangement, coupled to the ground-
contacting module; the drive arrangement, ground-contacting module and
Ppayload constituting a system the motorized drive arrangement causing,

when powered, automatxcally balanced operation of the system.

In a related embodiment, the ground-contacting module may include a uniball.

In another embodiment, there is provided a method of using a vehicle to carry a

user, and in this embodiment, the method includes:

a.

standing on a platform that supports a payload including a standing

. person, the platform mounted to a ground-contacting module including

two substantially coaxial wheels; and

operating a motorized drive arrangement, coupled to the ground- -

- contacting module; the drive arrangement, ground-contacting module and

payload constituting a system; the motorized drive arrangement causing,

when powered, automatically balanced operation of the system

In another embodxment, there is provided a method of using a vehicle to carry a

payload including a user, and the method of this embodiment includes:

a.

standing on a platform supporting the user, the platform mounted to a
ground-contacting module, which propels the user in desired motion over
an underlying surface;

using a proximity sensor to determine the presence of the user on the
device; and

inhibiting operation of the ground-contacting module unless the proiimity

sensor has determined the presence of the user on the device.

As in the corresponding device, discussed above, the proximity sensor may be a member,

mechanically coupled to the safety switch, having an operating position and a non-

operatmg posmon, wherein the member is in the non-operating position in the absence of
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assuming a position on a platform which supports a payload including the
user, the platform being coupled to a ground-contacting module, the
xﬁodule including at least one ground-contacting member and defining a
fore-aft plane;
operating a motorized drive arrangement, coupled to the ground-
contacting modulé; the drive arrangement, ground-contacting module and
payload constituting a system; the motorized drive arrangement causing,
when powered, automatically balaﬁced operation of the system in an
operating position that is unstable with respect to tipping in at least a fore-
aft plane when the motorized drive arrangement is not powered; and /
providing via a user input control an indication from the user of a

specified pitch of the device under conditions of motion at uniform

velocity. C

The user input control may include a thumb-wheel disposed upon a handle coupled to

the platform.,

o i

Yet another embodiment provides a method for carrying a payload including a
user, and the method of this embodiment includes:

a.

assuming a position on a platform which supports a payload including the
user, the platform being coupled toa ground-contacting module, the
module including at least one gmﬁnd—contacting member and defining a
fore-aft plane; a

operating a motorized drive arrangement, coupled to the ground-
contacting module; the drive arrangement, ground-contacting module and
payload constituting a system; the motorized drive arrangement causing,
when powered, automatically balanced operation of the system in an
operating position that is unstable with rcsbect to tipping in at least a fore-
aft plane when the motorized drive arrangement is not powered; and
operating a user-operated mode control to select one of first and second
modes; '

providing via a user input control an indication of one of (i) a specified

-
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of the embodiment of Fig. 1;

Fig. 5 is a block diagram showing generally the nature of sensors, power and
control with the embodiment of Fig. 1; | |

Fig. 6 is a block diagram providing detail of a driver interface assembly;

Fig. 7 is a schematic of the wheel motor control during balancing and normal

* locomotion, in accordance with an embodiment of the present invention;

- FIG. 8 shows a balancing vehicle with a single wheel central to the support
platform of the vehicle and an ameulated handle in accordance with an embodiment of
FIG. 9 shows a balancing vehicle with a single wheel central to the support

platform of the vehicle and a- handle in accordance w1th an embodiment of the present

FIG. 10 shows a balancing vehicle with two coaxial wheels central to the support
platform of the vehicle and an articulated handle in accordance with an embodiment of

platform of the vehicle and no handle in accordance with an embodiment of the present

FIG. 12 shows an alternate embodiment of a balancing vehicle with a single
wheel central to the support platform of the vehicle and no handle in accordance with an
embodiment of the present invention;

FIG. 13 shows a balancing vehicle with a single wheel transversely mounted
central to the support platform of the vehicle and no handle in accordance with an
embodiment of the present invention;

FIG. 14 shows a balancing vehicle with a single wheel transversely mounted
central to the support platform of the vehicle and a handle in accordance with an
embodixﬂent of the present invention;

FIG.15 shows a balancing vehicle with a uniball mounted central to the support

- platform of the vehicle and a handle in accordance with an embodiment of the present

5
the present invention; _
10
invention;
15 the present invention;
FIG. 11 SHoOWw
. ." invention;
20
25
30

invention; and

FIG. 16 shows an illustrative diagram of an idealized balancing vehicle with a
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In various embodiments of the.invention, fore-aft stability may be achieved by

providing a control loop, in which one or more motors are included, for operation of a

motorized drive in connection with the ground-contacting members. As described below,

a pair of ground-contacting members may, for example, be a pair of wheels or a pair of

wheel clusters. In the case of wheel clusters, each cluster may include a plurality of

‘wheels. Each ground-contacting member, however, may instead be a plurality (typically A

a pair) of axially-adjacent, radialiy supported and rotatably mounted arcuate elements. In
these embodiments, the ground-contacting members are driven by the motorized drive in
the control loop in such a way as to maintain, when the vehicle is not in locomotion, the
cenfer of mass of the vehicle above the region of contact of the. ground-contacting'
members with the ground, Vregardless of disturbances and forces operative on the vehicle.
A ground-contacting member typically has a "point” (actually, a region) of
contact or tangency-with the surface over which the vehicle is traveling or standing. Due

to the compliance of the ground-contacting member, the "point” of contact is actually an

. area, where the region of contact may also be referred to as a contact patch. The weight

. of the vehicle is distributed over the contact region, giving rise to a distribution of . .+

pressures over the region, with the center of pressure displaced forward during forward

" . motion. The distribution of pressures is a function both of the composition and structure

of the wheel, the rotational velocity of the wheel, the torque apphed to the wheel, and"

thus of the fnctxonal forces acting on the wheel.
A force in the direction of motion is.required to ovenicome rolling friction (and

other frictional forces, including air resistance). Gravity may be used, in accordance with

preferred embodiments of the invention, to provide a torqire about the point of contact

.with the surface in a direction having a component in the sense of desired motion.

Referring to Fig. 16, to illustrate these principles, a diagram is-shpwn of the forces acting
on a vehicle that locomotes with constant velocity v on a single wheel over a flat surface.

The principles now discussed may readily be generalized to operation on a sloped

_surface and to accommodate any other external forces that might be present. Wheel 160
. of radius R,, rotates with respect to chassis 162 about axle 164 and contacts the

underlying surface at point P. For purposes of illustration only, it is assumed that wheel
160 contacts the surface at a point.

11
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of friction will result in ‘acceleration since an additional forward;directed force acts.on
the CG. Conversely, in order to achieve acceleration (or deceleration) of the vehicle,
additional leaning (forward or baékward) must be provided in 2 manner discussed in
further detail below. .

Fig. 1 shows a simplified embodiment of the invention. A personal transporter is
shown and designated generally by numeral 18. A subjeci 10 stands on a support
platform 12 and holds a grip 14 on a handle 16 attached to the platform 12, so that the
vehicle 18 of this embodiment may be operated in a manner analogous to a scooter. A
control loop may be provided so that leaning of the subject results in the application of
torque to wheel 20 about axle 22 thereby causing an acceleration of the vehicle. Vehicle
18, however, is statically unstable, and, absent operation of the control loop to maintain
dynamic stability, subject 10 will no lf)ngcr be supported' in a standing position and will

fall from platform 12. Different numbers of wheels or other ground-contacting members

" may advantageously be used in various embodiments of the invention as particularly

suited to varying applications. Thus, as described in greater detail below, the number of

- ground-contacting members may be any number equal to, or greater than, one. For:inany

* applications, the dimensions of platform 12, and indeed of the entire ground-contacting

module, designated generally by numeral 6, are advantageously comparable to the. -
dimensions of the footprint or shoulder width of user 10. Thus transporter 18 may
advantageously be used as a mobile work platform or a recreational vehicle such as a
golf cart; or as a delivery vehicle.

Trahsporter 18 may be operated in a station-keeping mode, wherein balance is

~maintained substantially at a specified position. Additionally, transporter 18, which may

be referred to herein; without limitation, as a "vehicle," may also maintain a fixed
position and orientation when the user 10 is not.on platform 12. This mode of operation,
referred to as a "kickstand” méde, prevents runaway of the vehicle and provides for the
safety of the user and other persons. A forceplate 8 or other sensor, disposed on platform
12, detects the presence of a user on the vehicle. '

Another embodiment of a balancing vehicle in accordance with the present
invention is shown in Fig. 2 and designated generally by numeral 24. Personal vehicle 24

shares the characteristics of vehicle 18 of Fig. 1, namely a support platform 12 for

13
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loop is applied. T identifies the wheel torque The remammg portion of the figure is the
control used to achieve balance. The boxes 62 and 63 indicate differentiation. To achieve
dynamic control to insmire stability of the system, atld to keep the system in the
neighborhood of a reference point on the surface, the wheel torque T in this embodiment

is governed by the following simplified control equation:

T = K,(6+0) + K,0 + K;(x+x0) + K, ‘ (Eqn.
4)
where: _
* T denotes a torque applied to a ground-contacting element about its axis of rotation;
*0 is a quantity corresponding to the lean of the entire system about tlte ground contact,
with 6, representing the magnitude of a system pitch offset, all as discussed in detail
below; .
°x identiﬁes the fore-aft displacement along the surface relative to a fiducial reference
point, with %o representing the magnitude of a specified fiducial reference offset ;
» a dot over a character denotes a variable differentiated w1th respect to tnme and“

a subscripted variable denotes a specified offset that may be mput into the system as

descnbed below and

S K., K3, K;, and K|, are gain coefficients that may be configured, elther in de51gn of the

system or in real-time, on the basis of a current operating mode and operatmg condmons

as well as preferences of a user. The gain coefficients may be of a positive, negative, or
zero magnitude, affecting thereby the mode of operation of the vehicle, as discussed
below. The gains K, K, K,, and K, are dependent upon the physical parameters of the |

‘system and other effects such as gravity. The simplified control algorithm of Fig. 3

maintains balance and also proximity to the reference point on the surface in the
presence of disturbances such as changes to the system's center of mass with respect to

the reference point on the surface due to body motxon of the sub_]ect or contact with other

_persons or objects.

- The effect of 9, in the above control equation (Eqn. 4) is to produce a specified
offset -, from the non-pitched position where 8=0. Adjustment of 0, will adjust the
vehicle's offset from a non-pitched position. As discussed in further detail below, in

various embodiments, pitch offset may be adjusted by the user, for example, by means of

15
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for simplicity in Fig. ﬁiparate motors may be provided for lgf: lmd right wheels of the
vehicle and the torque desired from the left motor and the torque desired from the right
motor can be calculated separately in the general manner described below in connection
with Fxg. 7. Additionally, tracking both the left wheel motion and the right wheel motion
permits adjustments to be made to prevent unwanted turning of the vehicle and to
account for performance variations between the two drive motors.

In cases where gain K, is zero, a user control input such as a joystick may be used
to adjust the torques of each motor. The joystick has axes indicated in Fig. 4. In
operation of this embodiment, forward motion of the joystick is used to cause forward
motion of the vehicle, and reverse motion of the Joystick causes backward motion of the
vehicle. A left turn similarly is aécomplished by leftward motion of the joystick. For a
right turn, the joystick is moved to.the right. The confi 1guration used here pemnits the
vehicle to.turn in place when the. joystick is moved to the left or to the ri ight, by causing
rotation of left and right motors, and hence left and right wheels, at equal rates in
opposite senses of rotation. With respect to forward and reverse motion an alternative to
the joystick is simply leaning forward or backward (in a case where K, is- zero) since the
pitch sensor (measuring 6) would identify a pitch change that the system would respond

to, leading to forward or reverse motion, depending on the direction of lean. . - '

. Alternatively, cbntrol strategies based on fuzzy logic can be implemented..

It can be seen that the approach of adjustihg motor torques when in the balance

. mode permits fore-aft stability to be achieved without the necessity of additional

stablhzmg wheels or struts (although such aids to stablhty may also be provided). In
other words, stability is achieved dynamically, by motion of the components of the
vehicle (in this case. constituting the entire vehicle) relative to the ground.

Inrihe block diagram of Fig. 5 it can be seen that a control system 51 is used to
control the motor drives and actuators of the embodnnent of Figs. 1-3 to achieve
locomonon and balance. These include motor drives 531 and 532 for left and right
wheels respectively. If clusters are present as in the embodiment of Fig, 2, actuators 541
and 542 for left and right clusters respectively. The control system has data i inputs |
including user mterface 561, pitch sensor 562 for sensing fore-aft pitch, and wheel

rotation sensors, 563, and pitch rate sensor 564. Pitch rate and pitch may be derived

17
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information signals as to pitch and pitch rate. (The term “inclinometer” as used in this

context throughout this description and in the accompanying claims means any device

- providing an output indicative of pitch or pitch rate, regardless of the arrangement used

to achieve the output; if only one of the pitch and pitch rate variables is provided as an

- output, the other variable can be obtained by suitable differentiation or integration with

respect to tixhe.) To permit controlled banking into turns by the vehicle (thereby to
increase stability while turning) it is also feasible to utilize a second inclinometer to
provxde information as to roll and roll rate or, alternatively, the resultant of system
weight and centrifugal force. Other inputs 294 may also be desirably provided as an
input to the peripheral micro controller board 291. Such other Inputs may include signals
gated by switches (knobs and buttons) for platform adjustment and for determining the
mode of operation. The péripl;crﬂ nﬁcro controller board 291 also has inputs for |
receiving signals from the battery stack 271 as to i)attery voltage, battery current, and
battery temperature. The peripheral micro controller board 291 is in com_muxﬁcation over
bus 279 with a central micro controller board that may be used to control the wheel
mdtprs as described below in connection with Fig. 7.

Fig. 7 is a block dJagram showing control algorithms, smtable foruse in

' con_]unctlon with the control assemblies of Fig. 6 to provide stability for a vehicle. -

-according to the embodiment of Figs. 1-2 and other embodiments in which the vehicle

and payload are balanced on two ground-contacting members, both during locomotion
and in a fixed position. The following conventions are used in connecnon with the
descnpnon below: _ ‘ _

1. Variables defined in World 600rdina‘tes are named using a single subscript in
capital letters. World coordmates are coordmates fixed to the earth (inertial).

 2.A non—snbscnpted r identifies a wheel radius.

3. Lower case subscripts are used to indicate-other attnbutes e.g. nght/lcft etc.:

r= nght 1 = left; ref = reference; f = f'mlsh s = start. '

4. All angles are positive in the clockwise direction, where positive travel i is in
the positive x direction.

5. A dot over a variable indicates differentiation in time, e.g., 0.

Fig. 7 shows the control arrangement for the motors of the right and left wheels.

19
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3307 from compensated linear velocity input signals réw,' and réw, for left and right

wheels to obtain velocity error signals X , and X | for left and right wheels within the
reference coordinate system. In turn the average of these signals, determined via summer

3317 and divider 3318, produces a linear velocity error signal X. Displacement'error
signal x is derived by integrating réw, and réw, in integrators 3310 and 3309, limiting the

results in saturation limiters 3312 and 3311, and then averaging their outputs via summer
3313 and divider 3315. The difference between these displacements, determined via

summer 3314, produces the yaw error signal y.

The yaw error signal y is run through a standard proportional-plus-integral-plus-
derivative (PID) control loop 3316, the output of which is combined with ﬁle‘ output of
the basic balancing torque command of summer 3319, to produce the individual wheel
torque commands, which.cause the wheels to maintain fore-aft stabiiity and also cause
the vehicle to align itself with the axes of, and follow the origin of, the reference
coordinate system as directed by directional input 3300.

Let us now consider how this control causes the vehicle to start. The the ~~~~~
du'ecuonal input 3300 (which may be a Joysnck) which will provnde a positive x for

forward motion. The signal is divided and summed in summers 3308 and 3307, and

" subtracted from the right and left wheel velocity x, and X, providing a negative

correction; this correction leads ulumately to a negative torque contribution at sﬁi;lmer
3319, causing the wheels to move backward, so as to create a torque due to gravity that
causes the vehicle to lean forward. This forward lean leads to changing 6 and 8, which
leads to positive corrections in summer 3319, causing the vehicle to move forward.
Thus, moving the joystick forwatd or backward will cause the vehicle to lean forward or
backward, as the case may be, and to move in the direction of the lean. This is a property
of the control of 'Fig. 7. An equivalent result can be achieved by leaning, where K;is
zero. ' - .

Anytime acceleration of the vehicle is desired, it is necessary to establish system
lean. For example, to achieve forward acceleration of the vehicle, there must be forward
system lean; the center of gravity of the system (vehicle and payload) must be placed

forward of the center of the pressure distribution of the contact region where the wheels

21
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returned to its original value.
One method for determining the speed limit of the vehicle is to monitor the

battery voltage, which is then used to estimate the maximum velocity the vehicle is

. currently capable of maintaining. Another method is to measure the voltages of the

battery and the motor and to monitor the difference between the two; the difference

provides an estimate of the amouﬁt of velocity margin (or headroom’) currently available
to the vehicle.

Leaning of the user may additionally be limited, in accordance with a further

- -embodiment of the invention, by a physical constraint such as a vertical member coupled

to the platform, thus preventing leaning, in any specified direction, beyond the i)hysical

' constraint.

The pitch offset, allowing modification of 6,, as discussed above in refcrehce to
Equation 4, may be adjusted by the user by means of thumb-wheel 32 (shown in Fig. 1).
Additionally, a secondary control 34 (shown in Fig. 1) may be provided, in accordance

with embodiments of the invention, for changing the control architecture or function of

" the thlimb~w-h_eel. Thus, thumb-wheel 32 can also be put into a mode that operhié‘% to

drive both wheels in the same direction. This allows a personal mobility vehicle Such as

" vehicle 18 to be used as sort of a powered handcart that the user trails behind her or |

. pushes ahead of her. This is especially useful when such a personal transporter has to be

carried up stairs because the motors 531 and 534 (shown in Fig. 5) are used to lift the
vehicle to the next riser so that the user does not have to use as much force as would
otherwise be required This mode of operation of the vehicle is referred to as "drive
mode.” Additionally, upon designation by the secondary selector 34 thumb wheel 32
may be used by the user for purposes of steermg the vehicle.

The present invention may also be implemented in-a number of further
embodiments. We‘havé found that a vehicle in accordance with the invention may act .
suitably’ asa prosihetic device for persons who have an impairment, caused by disease
(such as Parkinson’s Disease or ear disorders) or defect, in their ability to maintain .
balance or to achieve locomotion.

A control loop, as employed in accordance with an embodiment of the present

invention, may advantageously be used for ameliorating the symptoms of balance-

23
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Referring to Fig. 8, an alternate embodiment of the invention is shown in which
ground contact is provided by a single wheel 44. A characteristic common to many of the
embodiments of the present invention is the platform 12 on which subject 10 stands to
operate the vehicle. Handle 16 is provided in certain embodiments of the invention, as is
grip 18 on handle 16 for subject 12 to grip. In one embediment of the invention, shown
in Fig. 8, handle 16 is rigidly attached to platform 12, in this case, without limitation, via
cowling 40. In an alternate embodiment of the invention, shown in Fig. 9, handle 16 may
be articulated at pivot 46 with respect to a base 48 fixed to platform 12. Articulation of
handle 16 at pivot 46 makes it easy for subject 10 to shift his weight forward oraft while
maintaining one or both hands on grip 14. Platform 12 locomotes with respect to the
ground by motion of at least one wheel 20, or other groun;i-c.ontacting element. As with
respect to earlier described emquiments, other ground-corntacting elements such as

arcuate members and clusters of wheels are described in the prior applications

) incorporated herein by reference, and the term “wheel” is used herein to refer to any such

ground-contacting element without limitation. e

The single wheel 44 of unicycle embodiments of Figs. 8 and 9 may be

_ supplemented, as shown in Fig. 10; by a nearby wheel providing a pair of adjacent and

" coaxial wheels 20. It can be seen that the vehicle of Fig. 10, like vehicles of various

other embodiments disclosed in this description, when relying on wheels 20 for -
contacting the ground, is inherently unistable in the fore-aft direction with respect to a
vertical z. While the vehicle of Fig. 10 is relatively stable in the lateral direction,

~ vehicles of some other embodiments are unstable in both lateral and fore-aft directions.

The motion of vehicle 18 may be controlled by subject 10 shifting his weight, and thus
the center of mass (CG) of the loaded vehicle, in accordance with teachings described
above. ' _ '

Also, as described above; in addition to the direct effect, of subject léanihg, on
the variables g(;veming the torque applied to a motor for directing the vehicle, or as an
alternate control strategy, user input may be separately incorporated into the centrol loop

in a manner equivalent to variation of one or more of the input variables. Thus, for -

-example, the user may provide an input, by means of a user interface of any sort, the

. input being treated by the control system equivalently to a change, for example, in
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the scope of the preseﬁt invention, as described herein and as claimed in any appended

claims, user 10 may be supported on platform 12 by standing with feet pdsitioﬁed along

axis 56 of-rotation of wheel 44, as shown in Fig. 11, or, alternatively, with feet
posiﬁonc.d astride axis 52 of rota‘tiohv'of wheel 44, as shown in Fig. 12 and Fig. 13. A
handle 16 may also be provided in the case of a configuration of the invention in which
wheel 44 is mounted transversely to the direction faced by user 10, with handle 16
coupled to platform 12 via cowling 40, as shown in Fig. 14.

Fig. 15 shbws an embodiment of a vehicle wherein the ground-contacting
element is a uniball 151. Such a ball may be separately driven in the x and y directions
and fhe vehicle staliilize_d in one or both of these directions in the manner described
above. ‘

In addition to the personal mobility vehicles described and claimed above, in
accordance with alternate embodiments of the invention, scale'd. down versions of any of
the embodiments heretofore described may be employed for recreational or educational
purposes, whether or not human subjects are conveyed thereupon; Such toy versions may
travel over various terrains while maintaining balance in the fore-aft plane.

‘The-desctibed embodiments of the invention are intended to be merely exemplary
and numerous variations and‘modifiéations will be apparent to those skilled in the art.
All such variations and modifications are intended to be within the scope of the-present

invention as defined in the appended claims. -
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10.

non-operating position, wherein the member is in the non-operating position in

the absence of the user from the device and-the member is moveable to the

operating position when the user is on the device.

A device according to claim 5, wherein the member includes a plate, disposed on

the device, for reéeiving a foot of the user, and wherein placement of the foot on

the plate causes it to move into the operating position.

A device according to claim 4, wherein the proximity detector is electronic.

A device according to claim 4, wherein the proximity detector includes a

semiconductor device. ‘

A device according to claim 4, farther comprising:

d. a motorized drive arrangement, coupled to thé ground-contacting module;
the motorized drive arrangement causing, when powered, automatically
balanced and stationary operation of the device unless the proximity
sensor has determined the presence of the user on the device.

A vehicle for carrying a payload including a user, the vehicle comprising:

a. a platform which supports the user;

b.- a ground-contacting module, to which the platform is mounted, which
propels the user in desired motion over an underlying surface;

c.” ~ amotorized drive arrangement, coupled to the ground-contacting module; -
the drive arrangement; ground-contacting module and payload
constituting a system; the motorized drive arrangement éausing, when
powered, automatically balanced operation of the system wherein the
motorized drive arrangement has a present power output and a specified
maximum power output and, in operation, has headroom determined by

~ the difference between the maximum power output and the present power
output of the drive arrangement; _ '

d. a headroom monitor, coupled to the motorized drive arrangement, for

. genemﬁng a signal characterizing the headroom; and

e. an alarm; coupled to the headroom monitor, for receiving the signal
characterizing the headroom and for warning when the headroom falls
below a specified limit.
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A device in accordance with claim 14, further comprising a handle coupled to the

platform, wherein the user input control includes a thumb-wheel disposed upon
the handle.

A device for carrying a payload including a user, the device comprising:

P

a platform which supports the userin a standing position,
a‘ground-con_tacting module, mounted to the platfofm, including at least
one ground-contacting member and defining a fore-aft plane;

a motorized drive arrangement, coupled to the ground-comacting module;
the drive arrangement, ground-contacting module and payload

constituting a system; the motorized drive arrangement causing, when

powered, automaﬁcally balanced operation of the system in an operating

. position that is unstable with respect to tipping in at least a fore-aft 'plape N

when the motorized drive arrangement is not powered;

a user-operated mode control having first and second modes;

a user input control that receives an indication from the user of one of (i) '

a specified pitch of the device under conditions of motion at uniform
velocity and (ii) steering command,: depending on the mode of the mode o

control.

A device for carrying a payload including a user, the device comprising: . =

o B

a platform which supports the user in a standing position,

a ground-contacting module, mounted to the platform, including a
plurality of laterally disposed ground-contacting members and defining a
fore-aft plane;- ' |

a motorized drive arrangement, coupled to the ground-contacting module;
the drive arrangement, ground-contacting module and payload

constituting a system; the motorized drive arrangement causing, when

powered, automatically balanced operation of the system in an operating

position that is unstable with respect to tipping in at least a fore-aft plane

‘when the motorized drive arrangement is not powered; and

a user drive mode selector that on indication from the user causes the

. motorized drive to operate the ground-contacting members at a uniform
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sensor has determined the presence of the user on the device.
A method according to claim 21, wherein the proximity sensor is a member,
having an operating position and a non-operating position, wherein the member

is in the non-operating position in the absence of the user from the device and the

member is moveable to the operating position when the user is on the platform.

A method according to claim 21, wherein the member includes a plate, disposed
on the device, for receiving a foot of the user, and wherein placement of tl;e foot
on the plate causes it to move into the operating position.

A miethod according to claim 21, wherein the proximity detector is electronic.

A method ‘according to claim 21, wherein the proximity detector includes a

semiconductor device. |

A method according to claim 21, further comprising:

d. operating a motorized drive arrz{ngement, coupled to the ground-
contacting module; the motorized drive a'rra'ngement causing, when
powered, automatically balanced and stationary operation of the device
unless the proximity sensor has determined the presence of the user on the
device. - ' ‘ -

A method of using a vehicle to carry a payload including a user, the method -

corﬁﬁrising: |

a.  standing on a platform supporting the user, the platform mounted to a _
groimd—contactiﬁg module, which propels the user in desired motion over
an underlying surface;

b.  operating a motorized drive arrangement, coupled to the ground-

* contacting module; the drive arrangement, ground-contacting module and
‘payload co‘hstitﬁtihg a system; the motorized drive arrangement causing,
when powered, automatically balanced operation of the system wherein
the motorized drive arrangement has a present power output and a
specified maximum power output and, in operation, has-headroom
determined by the difference between the maxinium power output and the
present power output of the drive arrangement;

c. monitoring the headroom and generating a signal cvharacterizing the
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€
operating position that is unstable with respect to tipping in at least a fore-

aft plane when the motorized drive arrangement is not powered; and

c.  operating a user-operated mode control to select one of first and second
modes;
d. providing via a user input control an indication of one of (i) a specified

pitch of the device under conditions of motion at uniform velocity and (ii)
steering command, depending on whether the first mode or the second
mode has been selected.

33. A method for carrying a payload includiﬂg a user, the method comprising:

a.  providing a device having
i. a platform which supports the user in a standin g position,
i a ground-contacting module, mounted to the platform, including a

plurality of laterally dfsposed ground-contacting members and
defining a fore-aft plane;

iii. a motorized drive arrangement, éoﬁpled to the ground-contacting
module; the drive arrangement, ground-contacting module and
payload constituting a system; the motorized drive arrangemé’ﬁt .
causing, when powered, automatically balanced operation of tﬁc
system in an operating position that is unstable with respect to’
tipping in at least a fore-aft plane when the motorized drive
arrangement is not powered; and

b. causing the motorized drive to operate the ground-contacting members at

a user,conUOllable'speed 50 as to permit a dismounted user to guide thé |

vehicle ranning under its own power.

118945
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